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ABSTRACT W

This paper studies the performance of the Iwo dimensional least mean square adaptive filter as a pre whilen-
Ing filler for detection systems In two dimensional infrared sensor data, the clutter is correlated and
much wider in spatial extent than the signal of interest- The two dimensional adaptive filer can be
trained to adapt and predict the clutter, thereby enabling the error channel output to contain the signal
of interest in while noise. Performance of the adaptive prewhitener, in terms of local signal to clutter
ratzo's(LSCR) and the gain obtained is described. The gain in LSCR due to this augmenting filler,
is shown to depend on the statistics of the background clutter, in particular on the local mean. It is
shown that, as the amount of color in the background clutter increases, the performance of the conven-
tional matched filler performance degrades much more than the performance of a detector based on the

augmenting prewhitener.

1. INTRODUCTION

In this paper we describe the performance of adaptive whitening filters when used for small target
detection in two dimensional image data. The problem of small object detection from cluttered image
scenes is of interest in a number of applications ranging from that of infrared target detection to medical
imaging. In these applications the object of interest is of a very small spatial extent and is masked by
clutter of a much larger spatial extent. In this paper we look at some adaptive techniques used to cancel
such correlated clutter from two dimensional infrared image data

Most detection systems for such small targets model the underlying clutter A number of image
representation models ranging from the white noise driven representations to the iaiminumn variance pre-
diction representations have been proposed.'' 2 Prediction based methods which use gencral Image models
and estimate the linear prediction coefficients at each pixel have been applied to object detection 3 For
infrared clutter, other models and detection schemes have been developed Takken ct al 4 developed
a spatial filter based on least mean square optimization The filter was designed to ritaximize the signal

"This work was supported by the NSF I/UC Research Center on Ultra Ihgh Sp-ed l ent"grat,'d ('i, uit And Systems
(ICAS) at the University of California, San Diego, The Office of Naval flesear(th and the Nai ,,nal 5, ,ir e loundatioin under
grant # ECD89- 1669 and the U S. Naval Command, Control and Surveillance Center Indepe i ,nd lIe.ean , hi tF',gram
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wherej is the iteration niumibler lhe inage is scanned fromi top to bottom and left to right (lexicographi-

ically) and(I hence j is found as j -u + n- Ilere X is the input ilage, Y the predicted inage and W,
the weight rmatrix at the Jh iteration The images are assurried to be square of size M x Al pixels and

the weight matrix (hence the window size of the pixels being used to predict) is taken to be square of

size N x N. This predicted value is compared with a reference and the residual is the error between the

two given by
E(m, n) = j = O(,n, ,Y) - Y(m, n) (3)

where D is the reference image. In the line enhancer conmfiguration this reference is a shifted version

of the input image. The weights are updated by using instantaneous estimates of the autocorrelation of

the noise and the cross correlation between the reference and tire input and then using a steepest descent

direction." 6 The update equations then become

Wj+,(l, k)= W, lX(m-1,n - k) 1,k =0,....,N- I (4)

where p is the adaptation parameter. Under stationary conditions, it can be shown that the weights of

this filter converge to the solution of the two dimensional Weiner-Hopf equations, provided p is chosen
to be within the bounds required for stability. 19

Knowing the difference in the correlation lengths of the signal of interest and the clutter in the image

it is possible to find bounds on I such that this TDLMS based adaptive filter predicts the clutter but

riot the signal of interest."0 Thus a seperation of the signal and the clutter is obtained by the use of such

an adaptive filter. The error channel output of this filter (which now ideally contains only the signal of

interest and white noise) can be used for a matched fitering operation and thus the detection statistic

can be generated

2.2. Filtering Performance

The performance of such a adaptive clutter whitener(ACW) based detection system was studied. Both

the filtering and detection performance for structured background clutter and real infrared data were

studied. The filtering performance was characterised by the local signal to noise raito(LSCR) defined

in a window of interest. Thus, if the window of interest were a rectangular region defined from (L1 , Ly)
to (1tl, I/,), then the LSCR (in dB) is defined as

i= . 1.1-.,

LSCR = 10 log1 0 F -=L L, (SOA - M-) 2  (5)

where, m, is the mean of the noise in the window and o.,. is the variance. And the gain (in dB) provided

by such a filter is then given by

Gain = LSCRou, - LSCRI (6)

Fig. la shows the input image used for some of the simulations. This image is part of a 6 channel
multispectral data set collected by a NASA Thermal Infrared Multispectral Scanner (TIMS) sensor and

is of a rural background over the hills of Adelaide, Australia An artificial target 2x2 pixels in extent

was inserted into this background.

For a very high LSCR the output of the ACW is shown in Fig. I b It is seen that most of the correlated

background clutter is predicted and hence the residual contains very little correlated background clutter
Ihe target is riot predicted and is present in the error output of the ACW

The performance of this ACW depends on pJ Fig 2 shows the ISCR gain obtained Ls a function of the
adaptation parameter It is seen that as p is increased beyond an optimum and approaches the stability

bounds, the performance of the ACW degrades very fast This is a result of two factors First, increasing
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Figure 3: Gain vs. Input LSCR for target position 100,100

the p allows the filter to predict the signal of interest and thus some of the target energy is cancelled

in the output. Second, as p approaches the stability bound of the filter the weight misadjustment noise

increases.

It is also seen that as It is decreased below the optimum, the performance of the ACW degrades,

though not as drastically as that in the upper bound case. This degradation is because, with the slower

adaptation parameter, the filter is unable to accurately predict the clutter in the environment.

2.3. Comparison with Local Demeaning

It has been shown that the removal of the local mean from an image causes the image statistics to become

Gaussian and also removes any spatial correlation, thus "whitening" the image.' 21 Consequently, the

local demeaning filter is an alternative technique for whitening the image. In this section, the comparitive
performance of the adaptive clutter whitening filter and the local demeaning filter will be obtained.

The amount of LSCR gain obtained by such a system can be calculated theoretically since the target

inserted in the image is known completely. If ml is the mean of the background clutter using a window
of the same size as that used for the local demeaning and m. is the value of background clutter at

the pixel of interest. Then the output of the local demeaning filter at that pixel will be sn - mi, and

that of the TDLMS will be s, - in., where sl is the intensity of the pixel with the signal present. The

theoretical plots are based on the assumption that the TDLMS has converged fully and is able to predict
the background clutter without any leakage of the clutter into the error channel.

Fig.3 shows the gain in the output as a function of the LSCR in the input for a 2 x 2 target located

at (100,100). At this position, ml < in.. and TDLMS shows more gain than the local demeaning
algorithm.

However Fig 4 shows the gain in the output as a function of the input LSCR for a target position of

(105,105) where rnz > in., and the local demeaning filter is seen to perform better than the TDLMS This
is primarily because the dominant coimponent of the clutter is a d c (in the spatial sense) component

which can then be removid by a local demeaning operation a* ro~s the image

However for imnages that do riot have a strong d.c component but have a highly correlated clutter

W'If Vol 1698 ¾ognal and Iata Processing of Small Targets 1992 / 2S,



(a) ()mtapie frtmri T[IMMS (b) Output fromz I.41c;j [)fremln~arg

Figure r): nt!e Ierformarice of the TDLMS andl( the Local Demewaninig fl~ter for
strulctuired siinisoidal clutter

-triirture. thle- local demneaninig filter fails to remiove tile background cluitter, while thle 'l'l )LMS Is able b,*

prei'dct the correlate'd cl utter. T[his is seen in Figure 5 which shows the Input being a two dlimensionial
.ii~ilwith a 2 x 2 target- Thie TDL~ms output shown Iin Fig.6a Is seen to have only the targel, while

the output of the local demeaning is sccn to contain sinusoidal clutter as, well(Fig.61)).

'Illiiis we See thlat. thle 'l'I)MS based adlaptive filter canl whiten clutter without also remiovinrg 1,ire
target, when the chllter is structured. However thfe performance depends onl the local statistics 4

hie Image. T[he deefctioii performatnce of such ACW augmented receivers Iin the. presence 4C highly
st ructiired noise' haLs bveer characterized aid( ROC curves plotted using Morit-( arlo eiritods.' It. Ilas
beenl showni that ;Ls the armount of color in tife background clutter increases, the detection perfrma~nce

4r thle aiigmreno-d iriatrhied filter dloes; not dlegrade aLs mu11ch a.% thlat. f II( he o nivent 0Ioal II iatrchee I lilt'r

3. ADAPTIVE RECURSIVE DETECTION

:1.1l. Weighted E"stimation

Ainother approach to tuej, target. dletection problemr consists of estimratinig ftheli cisc' antut,14'rrvlaitii eniatri \
anid calculating !he 'letcc -cion statistic dlirectly froin E~q. 1. 'I'lie samp~jled mat~rix Iuive'rs ni," Ow the'urn ifijti

arieeirnatrix inv~e'r~ism.r and the generalized likelihom dý Io?4.i2
5'

2  dcr~ctowrs heel rig in tflru.'it-, Iii
'~.triuat c~r i-ir:eualy ;L uea ;I muIAXIuiurulII likelihood estimuationi lisiuig.

41' > x(k)x(k)'I
A i



(a) Target Embhedded in Infrared Image Data (b) Detection Statistic

Figure 7: Typical Iniput and Output for Rxecursive Estimationi Based Detectioni with A 0.99)

Now if the dJetector is designed for aconstarit false alarmn rate operation (CFAIL), PI.(n) =Pf 0(Yi- 1)
Further if thlt rate Of nonF-Stationarity Is sinall we call show

d c):z rfc[C; + Ad] (17)
2

whevre

=; C, ba'a~1 6(ia -1) (18)

Ad ni~- 1)4,7 1'n - 2m(n - 1) (9

A, c'(n- I) I a}+ *(n - I)(6 + A)

A-2 [s7$n I) *((n - n -1)s - Am*(Yi - 1)]
I + A- 1x"-t(ri I- I

antid 6 s TAil,5 sHere Alb Is the change Iin thne ini'erse of the autocorrelation of tine non-stationary noi)ise

Iniput andi is given by

Ey(ia~tionis 17 to 21 thtus define the reiationshnip between the p~robabilit~y of detection (Pd), the rate i

rinpri statioinarity of thc noise (A+') anti the weigintinig factor of thne weighted uipdate (A). A proper ch iinn
,if A deptends oil thlt atntocorrelationinmatrix oif the inonse, and call influenre the probatbil ity of detec 'IM i

A two dimnensional version of the recuirsive detection procedure can be forninilated by otrdering Ow
dlata mnna1trix Intlo a vector lexicographically. Such a iiatched filter was used in a noise canceller strcunitre
Cr ,r mull i-sp-im. ralutagcs. A typical n putiti Iage (witih an artiflicially inserted target) and tine restin liing
rute-fCtiont statistic are! shown iii Figures 7a aind 71). It is seen that duie to thlt adaplai e e'stimlation of lit'
;ttntoccririelatiroin Innatrix, tilte imnatriteti filter Is able to follow tihe chnanges1 III tilte stat ist-ics of tine backgroiitd

ýI'II Vipt 1 6911~i~lar ~ij~e SigjD1 \ntdl 11, 1,141C M. 's.' i
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